Abstract Background: Current research on opioid use within orthopedic surgery has focused on efforts to identify patients at risk for chronic opioid use. Studies addressing prevention of opioid misuse related to orthopedic care are lacking. Evidence-based interventions to reduce the reliance on opioids for post-operative pain relief will be a key component of any comprehensive institutional opioid policy. Questions/Purposes: The purpose of this systematic review was to evaluate institutional strategies that reduce opioid administration or consumption after orthopedic surgery. Methods: Using the Preferred Reporting Items for Systematic Reviews and MetaAnalyses (PRISMA) checklist, a search was conducted of the PubMed database for English-language articles that analyzed interventions by physicians, nurses, pharmacists, physical therapists, or other hospital staff to reduce postoperative opioid use or narcotic prescription amounts after surgery. Studies that contained objective outcome measures (i.e., no expert opinion articles) were selected. Investigations on the effect of pharmacologic adjuvants, cryotherapy, or regional nerve blockades on opioid use were excluded. Results: The initial search yielded 6598 titles, of which 13 full-text articles were ultimately selected for inclusion in this systematic review. The review identified two major categories of interventions-patientfocused and provider-focused (e.g., physicians, nurses, physical therapists, pharmacists). Formal patient education programs were most effective in reducing opioid use. On the provider side, prescribing guidelines appear to decrease the overall number of pills prescribed, often without changes in patient satisfaction or requests for refills. Conclusions: Researchers are just beginning to establish the most effective ways for institutions to reduce opioid use and promote responsible post-operative prescribing. Institutional prescribing guidelines, standardized bedside pain-management programs, and formal patient education curriculums are all evidence-based interventions that can achieve these goals. The available research also supports an interprofessional approach in any institutional opioid-reduction strategy.
Introduction
Orthopedic surgeons practice in institutions that offer an extraordinary opportunity for combating the current opioid crisis. A campaign begun in the 1990s advocating that pain be assessed as "the fifth vital sign" linked patients' satisfaction with pain control to hospital reimbursements, thus creating a patient-care environment in which opioids were often overprescribed. In turn, orthopedic surgeons have been identified as overprescribing opioids, leaving patients with residual pills available for diversion [7, 13, 14, 23] ; however, since a patient's pain-relief experience in an institution is dependent on a wide variety of providers, an interprofessional approach will be required for change to be implemented on an institutional level. For example, nurses and patient care technicians are most often at the patient's bedside during a post-anesthesia care unit (PACU) or inpatient stay and in turn affect how medications are administered-and therefore how pain is interpreted. At discharge, nurses give medication instructions. Opioid prescriptions themselves are often written by physician assistants, nurse practitioners, and residents. Changes designed to improve opioid prescribing can only occur if the institution ensures that all providers are working from the same mental model of opioid administration and prescribing.
Spurred by the opioid epidemic, researchers on opioids and orthopedic surgery identified patient-level factors that could lead to prolonged post-operative opioid use [25, 29] . A recent high-quality meta-analysis found that prior opioid use, history of back pain, longer hospital stay, and depression had the largest effects on prolonging opioid use after surgery or trauma [16] ; however, screening for at-risk patients is only a small part of a comprehensive strategy to reduce opioid consumption and administration at the hospital level [26] . To prevent a future crisis and slow the current one, hospitals must combat past prescribing practices and decrease their reliance on opioids for pain relief after surgery. The purpose of this literature review was to answer the following question: What are the institutional strategies that reduce opioid administration or consumption after orthopedic surgery? We hoped that such evidence would provide a blueprint for hospitals aiming to adopt the best policies on opioid administration; inspire collaboration among surgical teams and between hospitals and surgeons; and identify areas needed for future research.
Methods
We used the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) checklist to conduct a systematic review [17] . The goal of our search strategy was to find exemplary investigations on which to model institutional policies to reduce opioid use. We conducted a search of the PubMed database for Englishlanguage articles published prior to October 2018 using the following search terms: "opioids AND guidelines AND surgery," "opioids AND education," and "opioids AND orthopedic surgery." The search terms identified 497, 4315, and 1786 titles, respectively. These titles were scanned for those that appeared to present interventions by physicians, nurses, pharmacists, physical therapists, or other hospital staff to reduce post-operative opioid use or opioid prescription amounts after surgery. The majority of titles suggested investigations on the effect of pharmacologic adjuvants, cryotherapy, or regional nerve blockades on opioid use, these were excluded (multimodal analgesia is currently the standard of care after orthopedic surgery; what methods are most effective is a separate question). Abstracts from 103 selected titles were screened to select studies that contained objective outcomes of interest. Expert opinion articles or descriptions of interventions without objective evaluation of outcomes were excluded. Subsequently, 20 full text articles were selected. Upon review of the full texts, seven articles did not present objective outcomes of interest and were excluded. Thus, 13 were found to meet final inclusion criteria for this review. References from these 13 articles were screened, but there were no studies identified in the citations that had not been already identified by the literature search.
Results

Patient-Focused Interventions
Reviewed articles are presented in Table 1 . In summary, while many patient-focused interventions were multifactorial, most could be further classified as strategies focused on educating patients on minimizing opioid use [2, 30] , setting appropriate pain expectations [4, 10] , or identifying highrisk individuals [16] . Regarding patient education, a singleblinded randomized controlled trial of 140 patients undergoing arthroscopic rotator cuff repair compared a formal educational program to standard of care (informal education by nurses or pharmacists at discharge) [30] . The formal program consisted of a 2-min educational video and handout detailing the risks of opioid overuse. The investigators found that at 6 weeks after surgery, the control group had consumed an average of 60.6 pills, compared with 40.4 in the study group, and that the study group reported lower pain scores. As to setting patient expectations, a 1964 New England Journal of Medicine article concluded that patients counseled by the anesthesiologist on post-operative pain expectations consumed half the amount of pain medication as controls [4] . These findings were largely in line with the quicker time to opioid cessation found in a contemporary group of patients who underwent pre-operative pain-expectation counseling before orthopedic trauma surgery [10] .
Provider-Focused Interventions
The majority of research on provider-focused interventions compared the effect of prescriber education or formal prescribing guidelines on reducing opioid prescriptions after orthopedic surgery [1-3, 6, 9, 11, 12, 19, 27, 28] . After the introduction of provider education and guidelines, investigators found reductions in post-operative prescriptions ranging from 42.9 to 176.0% [3, 6, 9, 28] . Such guidelines may also reduce opioid prescribing for other procedures simply by increasing physician awareness [11] . The role of nurses in the bedside evaluation of patients' pain was also an area for potential intervention. After the implementation of a nursing pain-management protocol focusing on the major aspects of comprehensive pain assessment (pain intensity, interference of pain with function and emotions, medication side effects, and perception of care), one hospital found significant decreases in patient-reported "worst pain" and interference of pain with sleep [1] . This was accompanied by a decrease in the amount of opioid administered and an increase in the administration of non-opioid analgesics.
Discussion
Many institutions have only just begun to measure the effect of policies to reduce opioid use in the acute post-operative period, limiting the available evidence on this topic; however, this systematic review has identified several interventions that appear to be effective in reducing post-operative opioid consumption. Regarding patient-focused interventions, informal pre-operative counseling on pain expectations may reduce use [4, 10] ; however, hospitals and surgical centers may find better results by creating formal pre-operative opioid educational programs. Though we identified only two studies examining formal programs, the studies were of high quality with convincing results [2, 30] . An interprofessional approach in reducing post-operative use was a consistent theme seen among studies [1, 5, 21, 24] , noting interventions by physicians, residents, and nursing staff. We also identified expert opinion pieces on how pharmacists or physical therapists may play a role in decreasing opioid use; however, these articles did not report objective outcome measures and were therefore excluded from the final review [5, 15] . The historical emphasis on pain relief as a quality measure has influenced patients' expectations on the level of pain they should have after surgery and how it should be addressed by the patient care team. Institutions can actively pre-empt misconceptions by ensuring that all members of the care team promote the same message about the role of opioids in pain relief. Nurses, patient care assistants, pharmacists, and physical therapists are key players in these conversations, as they spend more time than physicians do interacting with inpatients. Thus, current research supports the adoption of an institutional "shared mental model" that emphasizes positions on post-operative pain expectations, evaluation of pain, and administration of opioids across the patient care team [11, 20, 24] .
Our review found that prescribing guidelines are almost universally effective in reducing opioid prescriptions after surgery [3, 9, 11, 27, 28] . Given a lack of hard data on the "appropriate minimum quantity" of opioids to prescribe after many procedures [14] , a consensus method may be employed to formulate institutional guidelines [28] . Of note, all of the guidelines investigated included an educational component for the providers. Given that the success of the guideline is based on the proper interpretation by the prescribers, any guideline should be coupled with provider education in order to ensure a shared mental model. Guidelines that are followed blindly could lead to an increase in prescription quantities for patients who may request less.
At the end of 2016, our hospital developed servicespecific opioid prescribing guidelines based on consensus panels formed by surgeons, pain management specialists, and anesthesiologists who worked within each service (adult reconstruction, spine, pediatrics, sports, trauma, foot and ankle, hand, and limb lengthening). The guidelines were rolled out at the beginning of 2017, and coupled with a mandatory prescriber education program consisting of a 1-h lecture on the opioid epidemic, regulatory concerns, and proper prescribing of opioids. In the year after our institutional intervention, almost all services saw marked decreases in the amount of pills that were being prescribed, with an impressive estimated number of pills saved (Table 2) . Even the services that elected to use a qualitative guideline, such as the spine service, saw changes in prescriber behavior. For the spine service, in the pre-intervention period, 66% of prescriptions were for more than 80 pills. Following the educational program only 25% of the discharge prescriptions were for more than 80 pills.
While this review has highlighted several action points by which institutions can begin to combat the opioid crisis, there are still many unanswered questions on the ideal prescription and administration of opioids. Orthopedic surgeons are still largely unaware of how many pills a patient consumes after orthopedic surgery. A critical question-What is the minimum necessary quantity of opioid that would fulfill pain relief requirements for the majority of patients after orthopedic surgery?-is still unanswered. Our institution is currently conducting a prospective, SMS-based investigation measuring daily opioid use after various procedures [22] . Preliminary results are promising that we will be able to reduce our opioid prescription rates even further.
Another critical unanswered question is whether opioid prescriptions can be tailored to the specific patient. The "holy grail" of opioid prescribing would be to develop a method for reliably predicting the amount of opioid (if any) a patient may consider adequate for pain relief. Along with the variability in opioid receptor type and metabolism of each patient, other factors that affect postoperative opioid use are likely related to aspects difficult or impractical to quantify, such as a patient's personality traits, sense of self-efficacy, or psychosocial well-being [8, 31] . The idea of a nociceptive-related "pain threshold" is another factor that may influence opioid consumption. In a series of 160 patients undergoing lower-extremity joint replacement, pain was measured pre-operatively using a pressure algometer [18] . Linear regression showed a negative correlation between operative site pain threshold and outpatient opioid prescriptions. While such a system would be difficult to implement on a practical clinical basis, the study serves as an example of our limited understanding of the prediction of individual opioid consumption.
While the current opioid crisis paints a bleak picture, orthopedic institutions can take a leading role in slowing the epidemic (Fig. 1) . A key component is the adoption of policies that fight historical precedents. Institutional protocols that help minimize opioid consumption on the patient side and ensure appropriate administration and prescribing on the provider side will go a long way in reversing current practices and ensuring a safe future. All who participate in patient care at the hospital or surgery center must share in the institution's mental model of how pain should be interpreted and opioid medications administered or prescribed. The current crisis has stimulated creative opioid research and the adoption of new technologies to tackle difficult problems. We look forward to seeing how orthopedic institutions will collaborate going forward in the development of policies that will perfect how we administer opioid medications and avoid future crises.
